The analyzed cohort, known as the old cohort of the Swedish Twin Registry, is based on records of all like-sexed twins born between 1886 and 1925, residing in Sweden, and responding to a questionnaire in 1960
A lcohol has emerged as a potentially important factor with a J-or U-shaped association to stroke risk. 1 Although the association between alcohol and cardiovascular diseases was a point of interest ≥3 decades ago, there are still considerable gaps in knowledge in this area.
Statistical methods commonly used in previous studies, Coxregression or logistic regression, model overall effects as opposed to time-varying effects, which do not allow modeling of disease risk associated with alcohol consumption by age. A contribution by genetic and early-life factors has been found for alcohol consumption, 2 as well as for stroke, 3 ,4 but has not been assessed for the alcohol-stroke association. Furthermore, data on monozygotic twins concordant for stroke allow highly controlled examination of time to stroke as a function of alcohol consumption.
Data from a population-based cohort of middle-aged Swedish twins and 43 years of follow-up give us the opportunity to examine effects of genetic/early-life factors and agevarying effects to stroke risk. [5] [6] [7] [8] [9] [10] Specifically, we tested the hypothesis that heavy drinkers and nondrinkers would have a greater risk of stroke compared to very-light drinkers. We chose very-light drinkers (as opposed to nondrinkers) as the reference category to avoid potential bias caused by ex-drinkers who had stopped drinking alcohol for health problems and may possess preexisting susceptibilities. Trying to fill a gap in knowledge on variance of the association between stroke risk and alcohol consumption, we tested explicitly whether stroke risk associated with alcohol consumption is stable over time. Finally, we add to previous research by examining the role of genetic and early-life factors in alcohol-stroke association by examining differences in time to stroke caused by alcohol consumption within monozygotic twins concordant for stroke.
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to 1961. A questionnaire specifically designed to assess alcohol drinking and smoking was sent in 1967 to all 20 902 subjects who had responded to the initial questionnaire. Subjects aged ≤60 years at baseline and valid alcohol data were analyzed. Creation of the analytic data set (n=11 644) is illustrated in Figure 1 . The registry has been linked regularly to the national healthcare registries, namely the inpatient discharge and cause of death registries, to obtain diagnostic information. For our study last diagnostic data were obtained in year 2010, offering a 43-year followup. Data collection is described in detail by Lichtenstein et al.
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Primary Outcome
Stroke and transient ischemic attack events were selected from the national registers according to the International Classification of Disease (ICD) codes as follows: All stroke and transient isch- 
Assessment of Alcohol Consumption
Data on alcohol consumption were collected using the following questions: Did you drink beer, wine, or liquor at any time during the past year (Yes/No)? And if No: Did you drink alcohol before that time (Yes/No)? Those who had answered No to both of these questions and stopped answering questions about alcohol were classified as nondrinkers. Those who had answered Yes to one of these questions were asked additional questions to obtain more detailed information about frequency and quantity of beer, wine, and spirits consumed. To be able to compare the results with current guidelines, 12 the amount of alcohol in grams per day was calculated as follows: responses were transformed to numeric values of frequency per day and quantity in liters were multiplied getting average volume of consumed alcohol per day. Volume was transformed to grams of alcohol assuming 5%, 12%, and 40% alcohol in beer, wine, and spirits, respectively, resulting in 39.5, 94.8, and 316 g of alcohol in 1 L, according to a formula presented by Brick. 13 Finally, the grams per day of beer, wine, and spirits were summed. Overall, frequency of alcohol consumption was ≈1.5×per week (1.6× on average, 1.5× median).
Alcohol On average, 1 drink is assumed to contain ≈12 g of alcohol. The median frequency of consumption per week was 0.5× per week for verylight drinkers, 1.5× for light drinkers, and 5× for moderate drinkers and heavy drinkers.
Covariates
The following covariates were used: baseline age, sex, preferred type of alcohol (derived as beverage with highest amount of alcohol consumed), current smoking, body mass index, exercise (hardly any, light, regular, hard training), stress reactivity, and presence/absence of the following diseases identified from the national health resisters: hypertension, diabetes mellitus type I or II, coronary heart disease, and depression. Both current smoking and current/former smoking were explored as covariates. Alternating these 2 covariates did not change study results. Stress reactivity was evaluated using the question: When you become emotionally upset or are under emotional strain, do you often experience persisting (lasting more than an hour) discomfort in the form of: Pounding headaches/Palpitations of the heart/Stomach upsets/None of above?
Statistical Methods
Statistical analysis was performed using SAS v9.3 (SAS Institute, Cary, NC). Three methods of analysis were used: cohort analysis, cotwin control analysis with monozygotic pairs discordant for stroke, and pairwise mixed-effects analysis to estimate time to stroke in monozygotic pairs concordant for stroke.
First, the entire cohort (n=11 644) was analyzed using Cox proportional hazards analysis with age as the time scale 14 and with right censoring of event-free subjects at the time of death or the end of the study. Given the presence of twin clustering, we used a robust sandwich covariance matrix estimator. 15 Furthermore, given previously discussed differences in alcoholstroke link between men and women, [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] and between stroke subtypes, 6 hazard ratios (HRs) for men, women, ischemic stroke, and hemorrhagic stroke (only 406 events) were estimated separately in addition to overall estimates.
For Cox-regression models, proportional hazard assumptions were examined 16, 17 and tested statistically. 18 We found that the proportionality assumption was violated in fully adjusted analyses for ≥1 alcohol category (P<0.01). Therefore, we added an alcohol category by stroke age interaction (ie, age-varying effect) to test whether effect of midlife alcohol consumption varies with increasing age in older adulthood. Previously, the strategy to include time-varying effect into Cox-regression model was found to provide meaningful results when the proportionality assumption is violated. 19 Because we used age as our time scale we refer to the time-varying effect as age-varying effect in this study. In this context, it is important to note that the method requires a relatively long-term follow-up for the outcome of interest (stroke in this study) to examine properly how alcohol consumption at midlife affects subsequent risk of stroke across older adulthood (considering that the effect of alcohol consumption may not be immediate but can reveal itself later).
The possibility that death because of heart failure (cardiovascular event potentially attributed to excessive alcohol drinking) can be a competing risk event was explored: Of 528 deaths because of heart Figure 1 . Flow chart presents creation of analytic data set and reasons for exclusion from the analytic data set. Of 20 902 subjects in cohort 11 644 subjects were analyzed. failure, 152 (1% of the sample) also had stroke before death. The remaining 376 (3% of the sample) could potentially have a high risk of stroke, although we cannot be certain that they would get stroke later. Therefore, considering these numbers, we do not think that heart failure was an important competing risk in this study. For the next 2 types of analysis, the data were restricted to complete monozygotic twin-pairs, providing full control over genetic influences. Of the 4922 complete twin-pairs, 1715 (35%) were monozygotic, of whom 370 pairs were discordant for stroke (1 developed stroke, 1 did not) and 167 were concordant (both developed stroke). Conditional logistic regression (where each stratum is represented by a twin-pair) was used to examine alcohol consumption in relation to risk of stroke within the 370 discordant twin-pairs. Mixed-effects analysis with the concordant pairs was used to examine whether a certain level of alcohol consumption may prolong or hasten time to stroke.
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Results
Of the 11 644 analyzed participants, 3328 (29%) experienced any stroke. Of these, 1846 (55%) and 406 (12%) experienced ischemic and hemorrhagic stroke, respectively, and in the remaining 33% it was not possible to conclusively determine the type of stroke. Our study with 43 years of follow-up (median, 30 years) generated 339 329 person-years. Median baseline age, age of the first stroke, and age at death was 50, 78, and 80 years, respectively. Mean and median alcohol consumption was 4.4 and 1.6 g/d, respectively, for the entire cohort and for dizygotic pairs, and 4.6 and 1.6 g/d for complete monozygotic pairs, respectively.
Participant characteristics are presented in Table 1 . High body mass index, diabetes mellitus, coronary heart disease, hypertension, smoking, stress reactivity, and being a male were associated with higher risk of stroke.
Analysis With the Entire Cohort
Initially, knowing that a J-shaped association between alcohol in grams per day and risk of stroke has been observed in previous research, the alcohol-stroke association was estimated with both linear (P=0.40) and quadratic (P=0.04) terms. The interaction between sex and alcohol (linear and quadratic) was significant P=0.02 and P=0.001, respectively ( Figure 2 ). After this graphical representation, the amount of alcohol consumed was categorized as described above and used in subsequent analyses.
In results adjusted for all study covariates (Table 2) , alcohol consumption >24 g/d (>2 drinks/d) versus very-light consumption >0 to 5 g/d (>0.5 drink/d) was associated with 34% greater risk (P=0.02), which is comparable with risk of stroke associated with hypertension or diabetes mellitus (HR=1.41; P<0.001 and HR=1.18; P=0.002, respectively). In addition, the association between being a nondrinker and risk of stroke approached significance (HR=1.11; P=0.08). Preferred type of alcohol did not have a significant effect on risk of stroke after adjustment for all study covariates.
Results for hemorrhagic stroke suggested higher risk in all categories of alcohol drinkers, especially for heavy drinkers. In analyses run separately for men/women, risk of stroke associated with alcohol consumption >2 drinks/d was higher for women than for men (Table 2) .
Age-Varying Effect of Alcohol in the Cohort
Given the potential lack of proportionality of alcohol-related stroke risk during the study period, an age-varying effect was examined with adjustment of main effects of all study covariates ( Figure 3 ). The results show that age (measured in 5-year increments for ease of interpretation) was significantly related to increasing risk for nondrinkers (P=0.012) and decreasing risk for heavy drinkers (P=0.040). For moderate drinking, risk of stroke decreased with age with marginal significance (P=0.057). Risk of stroke for nondrinkers (versus very-light drinking) slowly increased over time and was apparent (>1) after the age of ≈70 years. Conversely, heavy drinking conferred particularly high risk of stroke (versus very-light drinking) soon after baseline median age of 50 years, and the risk decreased from young to old age, essentially reaching null at 85 years of age (when 88% of strokes in this category had already occurred). Analyses conducted separately for men and women show that moderate female drinkers have a similar risk of stroke as heavy male drinkers.
After adjustment for age-varying effects of diabetes mellitus, hypertension, and smoking, the slope of the curve representing HR of heavy drinkers (versus very-light drinkers) was less steep but remained highly clinically relevant ( Figure 4 ). Diabetes mellitus and hypertension significantly increased stroke risk with age (measured in 5-year increments), whereas smoking had similar effect as heavy alcohol consumption.
Alcohol and Stroke in Monozygotic Twin-Pairs
In monozygotic twin-pairs discordant for stroke, twins with stroke had slightly higher alcohol consumption in comparison with twins without stroke ( Table 1 ). In analysis of stroke discordant twin-pairs (using very-light drinkers as reference), greater (albeit nonsignificant) odds of stroke were observed for nondrinkers (odds ratio, 2.22; P=0.058), light drinkers (odds ratio, 1.56; P=0.17), moderate drinkers (odds ratio, 1.59; P=0.26), and for the 18 heavy drinkers in this analysis (odds ratio, 1.23; P=0.78). Finally, analysis of time to first stroke using concordant twin-pairs was performed. Fully adjusted results showed prolongation of time to stroke for nondrinkers by 2.07 years (P=0.11), for light drinkers by 0.77 years (P=0.54), and for moderate drinkers by 1.15 years (P=0.47) compared with very-light drinkers. The results for heavy drinkers −5.68 years (P=0.029) indicated that heavy drinking shortened time to first stroke by 5 years (compared with verylife drinkers).
Discussion
We examined midlife alcohol consumption in relation to stroke incidence during a 43-year follow-up. In line with previous research, we found that midlife alcohol consumption at >24 g/d (about >2 drinks/d on average) increased risk of stroke by 34% compared with >0 to 5 g/d (<0.5 drink/d). We also found some, although limited, support for the possibility that no consumption of alcohol may also increase the risk.
Our principal finding expanding on previous research is that the risk of stroke attributable to alcohol consumption in midlife is not the same across older adulthood, but rather is moderated by age. Our results show that risk of stroke associated with heavy drinking in midlife is at least comparable with stroke risk associated with risk factors such as diabetes
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mellitus or hypertension; however, the age when those risk factors are relevant is different. The stroke risk associated with heavy drinking predominated over risk associated with these diseases early after baseline, whereas the risk associated with hypertension and diabetes mellitus grew to being more relevant at ages >75 years (for hypertension) and >80 years (for diabetes mellitus) in our study. We also build on previous research by incorporating twin analyses with monozygotic pairs. We found that the effect of alcohol on stroke was preserved in within-pair analyses, which suggests that the stroke risk associated with alcohol is independent of genetic/early-life factors. Subsequently, analysis of concordant monozygotic twin-pairs (ie, both developed stroke, had the same genotype and were affected by the same early-life environmental factors) showed that heavy drinking (versus very-light) shortened time to stroke by ≈5 years.
Because of a relatively low number of hemorrhagic events (406 cases), we focused our analyses on the overall risk of stroke. Still, the analysis by subtype of stroke showed that risk of hemorrhagic stroke for heavy alcohol consumers is high relative to ischemic stroke. It may be that alcohol consumption could protect against ischemic stroke to some extent by improving thrombolytic profile and increasing blood flow. 21 Moderate alcohol consumption (consuming 1-2 drinks/d on average) in women showed similarly harmful effect as heavy drinking (>2 drinks/d on average) in men, which is in accordance with the American Heart Association recommendations 12 : Men should consume no more than 2 drinks/d, and nonpregnant women should consume no more than 1 drink/d.
The strengths of this study are the 43-year follow-up, baseline at midlife, stroke diagnosis based on national registries, and opportunity to consider genetic/early-life effects. A potential limitation of our study could be a low proportion of heavy drinkers as alcohol consumption in Sweden is one of the lowest in Europe. 22 However, it enabled us to explore the association between alcohol and stroke risk in a population relevant for studying a potential protective effect of alcohol. Another limitation is that data about alcohol consumption before baseline and during follow-up are not available; therefore, we can make conclusions only about the association of alcohol consumption in midlife and stroke. In addition, 20% of the sample did not have complete information on alcohol consumption, which may have compromised representativeness of the sample. Finally, hypercholesterolemia, which may be related to excessive alcohol consumption, was not controlled. However, hypertension and heart disease were.
Several sensitivity analyses have been performed to check that the exclusion of patients from analysis and the inclusion None of these analyses indicated that the results would be different: Exclusion of the 232 subjects with follow-up <5 years and the exclusion of the 3 subjects with alcohol consumption >100 g/d (as presented in Figure 1 ) did not affect the results. In the original analysis, 3328 stroke and transient ischemic attack events were identified. We recalculated the hazard ratios associated with alcohol consumptions where the 312 transient ischemic attack events (9% of all 3328 events) were excluded. This modification did not affect the results. Including the variable never smoker versus ever smoker instead of the variable current smoker (yes/no) did not change the results. The number of deaths attributable to alcohol that can be considered a competing risk in relation to stroke risk was calculated. The percentage of subjects with liver cirrhosis or malignancy of the digestive system as cause of death was negligent (<1%). The most frequent cause of death to compete with stroke was cardiovascular disease, which occurred in ≈8% of the sample. Among these deaths, 8.1% of the 2622 abstainers died of cardiovascular causes, and the proportion was 7.9% of the 5874 participants in the very-light, 8.1% of 2042 in the light, 9.7% of 1000 in the moderate, and 8.8% of 306 in the heavy drinking category. Therefore, given that cardiovascular deaths increased proportionally, albeit slightly, we can conclude that cardiovascular disease is a competing risk factor with respect to the results for stroke, and that the effects of moderate or heavy alcohol drinking on risk of stroke may have been slightly greater without bias by cardiovascular deaths.
Conclusions
Heavy alcohol consumption >2 drinks/d on average in midlife increases stroke risk, especially shortly after baseline (on average 50 years) until the age of 75 years, and may shorten time to stroke by ≈5 years regardless of familial and other common confounds. Stroke risk associated with heavy drinking in midlife is at least comparable with stroke risk associated with risk factors such as diabetes mellitus or hypertension. The age-varying effect of alcohol on stroke enhanced the knowledge about the alcohol-stroke association. Although disease risk factors (hypertension or diabetes mellitus) increased risk of stroke predominantly in ages >75 or 80 years, respectively, the lifestyle risk factor heavy alcohol consumption (and similarly smoking) at midlife increased risk of stroke early after baseline. The results imply that alcohol consumption should be considered as a relevant age-dependent risk factor which could have application to studies of younger patients with stroke.
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None. Figure 4 . Risk of stroke associated with alcohol consumption in midlife and with other risk factors as functions of age. The figure presents the results adjusted for main effects of all study covariates and hypertension, diabetes mellitus, and smoking as a function of age. Individual lines represent hazard ratios for stroke as a function of age: none and heavy in midlife vs very-light drinking, smokers in midlife vs nonsmokers, people with a diagnosis of diabetes mellitus or hypertension. Regardless of other risk factors, heavy drinkers had substantially higher risk of stroke than very-light drinkers in the period from baseline until the age of 90 years. Risk of stroke at baseline was ≈1.05× higher for patients with hypertension than for patients without hypertension and the risk was further increased with age up to hazard ratio ≈1.8. Note that the line for moderate and light alcohol consumption, which yielded nonsignificant results, was not included to simplify the figure. For example, at 60 years of age risk of stroke for heavy alcohol consumers in midlife is ≈2× higher than for very-light drinkers (the reference group) and the risk is ≈1.2× higher at 80 years of age; at ≈70 years of age the risk of stroke is about the same across the low levels of midlife alcohol consumption. 
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protocol for acute stroke evaluation included diffusion-weighted imaging, fluid-attenuated inversion recovery, susceptibility-weighted imaging (SWI), ASL-PWI, and 3-dimensional time-of-flight MR angiography. ASL-PWI scans were performed using a pseudocontinuous ASL pulse sequence. The signal intensity change between the labeled and control images was fitted to a previously published model to obtain a quantitative perfusion map of cerebral blood flow. 5 Specific imaging parameters for the sequences are provided in Table I in the onlineonly Data Supplement.
Image Analysis
All images were visually analyzed with respect to the following: (1) pattern (focal or territorial), multiplicity, and location of the diffusion-restricted area on diffusion-weighted imaging, presence or absence of (2) vascular or lesional hyperintensity on fluid-attenuated inversion recovery, (3) susceptibility vessel sign on SWI, (4) arterial occlusion and stenosis on MR angiography, and (5) bright vessel appearance on ASL-PWI.
When arterial occlusion or stenosis was present on MR angiography, its location was specified. The ASL bright vessel appearance, when present, was further analyzed in terms of its location relative to the arterial occlusion site as follows: (1) proximal, (2) distal, or (3) both proximal and distal to the occlusion site. To evaluate the location of bright vessel appearance relative to the occlusion site, a 3-dimensional localization tool available on the picture archiving and communication system was used.
Statistical Analysis
All statistical analyses were performed using a statistical software program (MedCalc, version 11.1.1.0; MedCalc, Mariakerke, Belgium). Fisher exact test was used to compare incidences of the ASL bright vessel appearance, fluid-attenuated inversion recovery vascular hyperintensity, and susceptibility vessel sign between the group with arterial occlusion on MR angiography and that without occlusion. McNemar 2-tailed test was conducted to compare the sensitivity of the ASL bright vessel appearance for the detection of arterial occlusion with that of the susceptibility vessel sign, using MR angiography as the reference standard. In cases with negative MR angiography, McNemar 2-tailed test was used to compare the incidences of additional peripheral occlusions identified using the ASL bright vessel appearance with those identified using the susceptibility vessel sign. Linear κ coefficients were calculated to assess the interobserver agreement between 2 readers about the presence of ASL bright vessel appearance and susceptibility vessel sign. Values of P <0.05 were considered statistically significant.
Results
Demographic and clinical information of the 117 patients with acute ischemic stroke are provided in Results in the onlineonly Data Supplement.
MR angiography demonstrated arterial occlusion related to clinical symptoms in 30% of the patients (35 of 117). The ASL bright vessel appearance, susceptibility vessel sign, and fluid-attenuated inversion recovery vascular hyperintensity were all significantly more common in the group with arterial occlusion than in the group without occlusion (P<0.001; Table  II in the online-only Data Supplement).
Sensitivity of the ASL bright vessel appearance for the detection of arterial occlusion was significantly higher than that of the susceptibility vessel sign both on a per-patient (n=35) basis and on a per-lesion (n=37) basis, using MR angiography as the reference standard (94% (Figures 1 and 2 ; Figures I and II in the online-only Data Supplement). Ten occlusions could be detected exclusively by the ASL bright vessel appearance (Figure 3) , whereas none was identified exclusively by the susceptibility vessel sign. Two occlusions were missed on both ASL-PWI and SWI.
In the 82 cases with negative MR angiography, the ASL bright vessel appearance helped identify significantly more additional peripheral occlusions than the susceptibility vessel sign (21% [ Among the patients with occlusion, 3 patients also had 3 stenoses proximal to occlusion sites (30%-49% [n=1] and 50%-69% [n=2]). However, there was no ASL bright vessel appearance in the proximal stenotic portions. In addition, there were 14 cases of multiple infarctions, and the ASL bright vessel appearance, if present, was located only at the occlusion sites (n=13). In the patients without occlusion, a total of 12 stenoses in 10 patients (<30% [n=3] ; 30%-49% [n=2]; 50%-69% [n=5]; and >70% [n=2]) were found, and 2 patients Figure 1 . A 77-year-old man with a history of sudden onset left-sided weakness. A, Diffusion-weighted image demonstrates territorial infarctions in the right anterior and middle cerebral artery territories (arrows). Subtle susceptibility vessel signs are noted at the right M2 (B, arrowhead) and A2 (C, arrowhead) segments. D, On the arterial spin labeling image, bright vessel appearances are apparent at both the right M2 and A2 segments (arrowheads).
Figure 2.
A 77-year-old man with a history of sudden onset left-sided weakness (same patient as Figure 1) . A and B, MR angiography shows occlusions at the right M2 segment (A, arrow) and the right A2 segment (B, arrow). C and D, Conventional digital subtraction angiography performed prior to intra-arterial thrombectomy reflects distal migration of the clots (arrowheads).
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had multiple stenoses. Neither the stenotic portions nor other portions of the arteries supplying infarcted territories in these patients showed ASL bright vessel appearance. Furthermore, there were 4 cases of multiple infarctions, and the ASL bright vessel appearance was not noted in the cases ( Figure V in the online-only Data Supplement). There was almost perfect interobserver agreement between the 2 readers for both ASL bright vessel appearance (κ=0.86; 95% confidence interval, 0.76-0.95) and susceptibility vessel sign (κ=0.87; 95% confidence interval, 0.76-0.97).
Discussion
Delayed arterial transit time, attributable to collateral vessels or slow-flowing vessels during the acquisition time point, has been underscored as a major source of error in cerebral blood flow quantification using the ASL technique. 6, 7 In the presence of delayed arterial transit, the late-arriving flow is delineated as a bright intravascular signal, a so-called arterial transit artifact. 8, 9 Chalela et al 10 reported that arterial transit artifact was frequently found in patients with acute ischemic stroke, with their presence reflecting collateral flows and a better prognosis. Zaharchuk et al 11 have also found that ASL-PWI in patients with moyamoya disease can clearly depict collaterals as serpiginous high ASL signals within cortical vessels, thereby providing a noninvasive mean for assessing the collateral status. Thus, we hypothesized that an occluded arterial segment with sluggish blood flow in acute ischemic stroke would also show a bright intravascular signal because of arterial transit artifact, which we termed bright vessel appearance.
As hypothesized, the bright vessel appearance was significantly more common in the group with arterial occlusion (confirmed on MR angiography) than in the group without occlusion. The bright vessel appearance, when present, was seen proximal or distal to occlusion sites. The distal location of the bright vessel appearance may be attributed to delayed filling of the distal segment via collaterals or subtotal occlusion, which substantially impedes the blood flow while still allowing distal passage of some labeled tracers.
The higher false-negative rate of the susceptibility vessel sign can be explained by the variation in susceptibility susceptibility vessel sign, the ASL bright vessel appearance is dependent on the hemodynamic alteration (ie, the delayed arterial transit time) and not the clot composition, which accounts for the relatively high sensitivity of the bright vessel appearance in detecting occlusion.
Furthermore, our results demonstrated that the ASL bright vessel appearance could be helpful in identifying peripheral occlusion in fine distal branches, which are poorly delineated on time-of-flight MR angiography. In the previous study comparing sensitivities of SWI and MR angiography for the detection of thrombotic occlusion, sensitivity for the detection of central thrombi was found to be similar in both, whereas that for the detection of peripheral thrombi in small arteries was significantly higher for SWI than for MR angiography. 13 In our study, the susceptibility vessel sign showed poorer performance in detecting peripheral occlusion than the ASL bright vessel appearance, probably because of its close relationship to the clot composition.
Our study had limitations. First, MR angiography was used as the reference standard to confirm arterial occlusion because conventional digital subtraction angiography was reserved for patients who met indications for intra-arterial thrombolysis. For those cases with peripheral occlusion not delineated on MR angiography, distal occlusion was presumed to be present only if the susceptibility vessel sign or ASL bright vessel appearance was found near the infarcted areas. Second, the possibility of spontaneous reperfusion before the initial MR imaging might have resulted in underestimation of the incidence of cases with occlusion on MR angiography, which show the corresponding ASL bright vessel appearance and susceptibility vessel sign, among the patients with acute ischemic stroke.
In conclusion, the bright intravascular signal attributable to slow-flowing blood on ASL imaging may facilitate the detection and localization of arterial occlusion in acute ischemic stroke.
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Several sensitivity analyses have been performed to check that the exclusion of patients from analysis and the inclusion of transient ischemic attacks as events of interest did not significantly affect the results (detailed data not presented). None of these analyses indicated that the results would be different: Exclusion of the 232 subjects with follow-up <5 years and the exclusion of the 3 subjects with alcohol consumption >100 g/d (as presented in Figure 1) Figure 4 . Risk of stroke associated with alcohol consumption in midlife and with other risk factors as functions of age. The figure presents the results adjusted for main effects of all study covariates and hypertension, diabetes mellitus, and smoking as a function of age. Individual lines represent hazard ratios for stroke as a function of age: none and heavy in midlife vs very-light drinking, smokers in midlife vs nonsmokers, people with a diagnosis of diabetes mellitus or hypertension. Regardless of other risk factors, heavy drinkers had substantially higher risk of stroke than very-light drinkers in the period from baseline until the age of 90 years. Risk of stroke at baseline was ≈1.05× higher for patients with hypertension than for patients without hypertension and the risk was further increased with age up to hazard ratio ≈1.8. Note that the line for moderate and light alcohol consumption, which yielded nonsignificant results, was not included to simplify the figure.
at ≈70 years of age the risk of stroke is about the same across the low levels of midlife alcohol consumption.
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of transient ischemic attacks as events of interest did not significantly affect the results (detailed data not presented).
None of these analyses indicated that the results would be different: Exclusion of the 232 subjects with follow-up <5 years and the exclusion of the 3 subjects with alcohol consumption >100 g/d (as presented in Figure 1 ) did not affect the results. In the original analysis, 3328 stroke and transient ischemic attack events were identified. We recalculated the hazard ratios associated with alcohol consumptions where the 312 transient ischemic attack events (9% of all 3328 events) were excluded. This modification did not affect the results. Including the variable never smoker versus ever smoker instead of the variable current smoker (yes/no) did not change the results. The number of deaths attributable to alcohol that can be considered a competing risk in relation to stroke risk was calculated. The percentage of subjects with liver cirrhosis or malignancy of the digestive system as cause of death was negligent (<1%). The most frequent cause of death to compete with stroke was cardiovascular disease, which occurred in ≈8% of the sample. Among these deaths, 8.1% of the 2622 abstainers died of cardiovascular causes, and the proportion was 7.9% of the 5874 participants in the very-light, 8.1% of 2042 in the light, 9.7% of 1000 in the moderate, and 8.8% of 306 in the heavy drinking category. Therefore, given that cardiovascular deaths increased proportionally, albeit slightly, we can conclude that cardiovascular disease is a competing risk factor with respect to the results for stroke, and that the effects of moderate or heavy alcohol drinking on risk of stroke may have been slightly greater without bias by cardiovascular deaths.
Conclusions
Heavy alcohol consumption >2 drinks/d on average in midlife increases stroke risk, especially shortly after baseline (on average 50 years) until the age of 75 years, and may shorten time to stroke by ≈5 years regardless of familial and other common confounds. Stroke risk associated with heavy drinking in midlife is at least comparable with stroke risk associated with risk factors such as diabetes mellitus or hypertension. The age-varying effect of alcohol on stroke enhanced the knowledge about the alcohol-stroke association. Although disease risk factors (hypertension or diabetes mellitus) increased risk For example, at 60 years of age risk of stroke for heavy alcohol consumers in midlife is ≈2× higher than for very-light drinkers (the reference group) and the risk is ≈1.2× higher at 80 years of age; at ≈70 years of age the risk of stroke is about the same across the low levels of midlife alcohol consumption.
